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(54) Light Diffusion Fi Im For Liquid Crystal Display Backlight Unit 
Abstract 

The present invention relates to a light diffusion film for LCD display back light unit, 
which is prepared by coating a light diflusion layer consisting of a resin, a hardening agent, 
grains, an anti-charging agent, a dispersion agent, and a solvent on a plastic support film. 
A backside layer containing cellulose acetate butylate is coated on the back side of the 
plastic support film. Such a film provides a superior coating property and a high 
thermal resistance, so that a thermal deformation and discoloration caused by back light 
can be prevented. 

Representative Drawing 

Fig. 1 



Specification 
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Brief Description of the Drawings 

Fig. 1 schematically illustrates a cross-section of a light diffusion film according to the 
present Invention. 

Descriptions for Essential Features of the Drawings 

1 00-light diffusion film 1 1 -light diffusion layer 
12-base film L3-backsi.de layer 

Detailed Descriptions of the I nvention 

Objective of the Invention 

Technical Field of the Invention and the Prior Art 

The present invention relates to a light diffusion film for a back light unit of LCD display. 
4 More particularly, the present invention relates to a light diffusion film coated with a 

backside layer containing cellulose acetate butylate having a thermal resistance and 
superior coating film formation capability, so that a thermal deformation and 
discoloration caused by back light can be prevented. 

With the expanded usages of LCD display from a laptop computer monitor to an 
enlarged desktop computer monitor and TV monitor, etc., enlarged screen, lower power 
consumption and high luminance of LCD display are required. Core technology to 
cope with these demands is enlarged screen, lower power consumption and high 
luminance of a backlight unit that constitutes a light source of a LCD display. 

In the back-light unit, a light diffusion film has a function of diffusing a light beam from 
a lamp used as a lateral light source installed on the one side or the rear side of the LCD 
display on the entire face of the screen and refracting the light beam into a uniform 
beam in the front direction. Since such a light diffusion film is located adjoining the 
light source of the lamp, the film needs to be stabilized with respect to heat generated 
while a power of the light source is turned on. Plastic film support is thermally 
shrinked by a repeated process of heat generation and extinction by the light source. 
Such heat shrinkage deforms the light diffusion film fixed on a certain frame and 
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extends a center part of the light diffusion film. This leads to a failure in uniform light 
diffusion and transmission, so that a pattern-shaped partial ununifoTm light transmission 
deterioration is generated on the LCD display screen. Further, adhesions with the light 
diffusion layer applied on the plastic support become weaker, so that the plastic support 
and the light diffusion layer are separated as times passes. This causes a failure in a 
uniform light diffusion and light transmission and further, diminishes luminance of the 
LCD display screen. 

Further, the light diffusion film is manufactured by applying a light diffusing agent for 
performing a function of light diffusion to a transparent resin. Since such light 
diffusing agent and resin are deformed and discolored by ultraviolet rays emitted from 
the light source lamp, it has been required to prevent the deformation and discoloration 
by ultraviolet rays. 

A conventional light diffusion film has been manufactured by additionally applying 
additives for complementing thermal resistance and preventing the deformation and 
discoloration by ultraviolet rays. However, since such a heat stabilizer or a ultraviolet 
ray stabilizer used as the additives lack a permanency, they become ineffective as times 
passes. Further, compatibility of the additives with the resin is also diminished as 
times passes, so that the additives are projected to a surface. Thus, dots or patterns 
begin appearing on the LCD display screen. Further, the use of the additives 
diminishes wear resistance of the light diffusion layer containing a light diffusing agent, 
so that the light diffusion layer is separated from the plastic support by the friction with 
a light guiding plate. 

Further, in order to obtain a uniform LCD display screen, a light diffusing agent layer 
applying solution should be uniformly dispersed before applying a light diffusion layer 
to the plastic support. However, the use of the additive such as a heat stabilizer or 
ultraviolet rays stabilizer disturbs a uniform dispersion of the applying solution and 
thereby, diminishes uniformity of the applying solution. Further, excess use of the 
additive diminishes the compatibility of the additive with the applying solution, so that 
the additive is separated and precipitated within rhe applying solution or the resin of the 
applying solution is conglomerated. 

Objectives of the Present Invention 
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[n order to solve these problems, many studies have been made on the method of 
preventing Ihe thermal deformation and discoloration of the conventional light diffusion 
film. Accordingly, the inventors of the present invention found that the use of a 
cellulose derivative with a superior thermal resistance on the backside coating provides 
a superior coating and high thermal resistance, so that neither a thermal deformation nor 
discoloration by a back-light is occurred. 

It is therefore an object of the present invention to synthesize a cellulose derivative with 
a superior coating film formation capability as well as thermal resistance and use the 
same to a backside layer, and thereby, providing a light diffusion film capable of 
preventing thermal deformation and discoloration by back light. 

In order to achieve such an object, the light diffusion film of the present invention is 
characterized in that a backside coated layer consisting of a cellulose acetate butylate is 
laminated on a plastic support. 

Structure and Functional Effects of the Invention 

The present invention will be described in further detail as follows. 

The schematic structure of the light diffusion film for a backlight unit used in a LCD 
display obtained according to the present invention is as illustrated in Fig. 1. 

As shown in Fig. 1 , the light diffusion film (100) of the present Invention has a structure 
in which a light diffusion layer ( 1 1) is applied on one side of a plastic film support ( 1 2) 
and a backside layer (13) is laminated on its backside. 

Each layer will be described in further detail as follows. 

(1) Light diffusion layer (1 1 ) 

The light diffusion layer not only involves scattering, reflection and refraction of 
incident light to diffuse the light but also induces more transmittance of the light to 
diffuse backside light uniformly on the full surface of the LCD screen. 

The light diffusion layer is composed of a resin, a hardening agent, grains, an anti- 
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charging agent, a diffusing agent and a solvent. 

Therefore, the light diffusion layer uses a resin that is superior in both adhesion to a 
plastic support (12) and compatibility with the grains serving as a light diffuser. 
Essential resins may include unsaturated polyester; acrylic resins, such as polymer or 
copolymer or terpolymer of methylmethacrylate, ethytmethacrylate, 
isobutylmethacrylule, n-butylmethacrylate s n-butylmethylmethacrylate, acrylic acid T 
methacrylic acid, hydroxyethylmethacrylate, hydroxypropylmethacrylate, 
hydroxycthylacrylate, acrylamide, methyro I acrylamide, glycidylmethacrylate, 
ethylacrylate, isobutylacrylate, n-butylacrylate, or 2-ethylhexylacrylaie; urethanes; 
epoxys; or melamines. If necessary, a hardening agent may be used to harden the 
coating film of the resin for the purpose of enhancement of thermal resistance, wear 
resistance and adherence. 

The preferred resin has a high light transmittance and a significant difference in 
refractive index with grains according to the type of used grains and thereby, providing 
a superior light diffusion effect with less amount. 

The grains serving as a light diffuser include various organic or inorganic grains that 
enhance light transmittance and diffusion rate with a difference in refractive index with 
normal resins. 

The representative grains include organic grains, which include acrylic grains (e. g. 
polymer or copolymer or terpolymer ofmethylmethacrylate, ethylmethacrylate, 
isobutylmethacrylate, n-bulylmethacrylate, n- butylrnethylmethacrylate, acrylic acid, 
methacrylic acid, hydroxyethylmethacrylate, hydroxypropylmethacrylate, 
hydroxyethylacrylate, acrylamide, methylolacrylamide, glycidylmethacrylate, 
ethylacrylate, isobutyt aery late, n-butylacrylate, or 2- ethylhexylacrylate), olefin grains 
(e. g. , polyethylene, polystyrene, or polypropylene), acryl-olefm copolymer or 
multilayer multicomponent grains prepared by forming grains of monopolymer and 
coaling a different monomer on the bead layer; and inorganic grains, such as silicon 
oxide, aluminum oxide, titanium oxide, zirconium oxide, or magnesium fluoride. 

Grains with a coating film thickness in the range of 20 to 30 /im, and more preferably, 1 
to 20^tm can be used. 
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Further, grains with different grain sizes may be mixdly used for the enhancement of 
light diffusion efficiency. 

Two or more types of grains with a difference in refractive index may be mixedly used 
rather than a single type of grain in order to enhance the light diffusion rate. Further, 
two types of grains with similar refractive index and different sizes may be used in 
order to enhance the light diffusion efficiency. 

Light transmittance and light diffusion rate of such grains are varied according to the 
content ratio of the grains within a resin. In order to exhibit a high light transmittance 
and light diffusion rate, the ratio of the grain contained within the resin is preferable to 
be 10 or more weight percent when the film thickness is in the range of 20 to30 //m, and 
more preferably, a higher grain content. 

However, the decrease of grain content or a significant difference in refractive index of 
the grains results in diminish of a light transmittance and further, makes it impossible to 
uniformly prepare a grain -containing solution due to a poor dispersibility of the grain. 
Thus, it is advantageous for manufacturing a uniformly dispersed light diffusion layer to 
control the content of the grain within the resin not to exceed 60w%. 

As well as the resins and grains as described above, an anti-charging agent also needs to 
be used for providing inner contaminant to prevent the generation of dust or impurities 
that may be made during the process of a backlight unit by using a light diffusion film. 

Various types of usable anti-charging agent include fourth amines, negative ions, positive 
ions, non-ions, fluorides, etc. Use of much amount of the anti-charging agent increases 
anti-charging capability but decreases wear resistance, and long-term use of the anti- 
charging agent causes a risk of extraction. Thus, it is recommended to use the anti- 
charging agent by 10 or less parts by weight, and preferably, 5 or less part by weight based 
on 1 00 parts by weight of the resin. 

Further, when composing a light diffusion layer, a light diffusion layer with a superior light 
diffusion efficiency can be obtained only when grains or anti-charging agent are uniformly 
dispersed with the resin. Thus, it is required to use a dispersing agent for a consistent 
preparation of the solution. 
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The dispersing agent includes acryl emulsions, metamorphosis silicons, 
poUdimetisilocacid, fluorides, etc. It is preferable to use only a small amount of the 
disposing agent so as to prov.de a superior light transmittance and prevent surface 
extraction after a film is fonned. 

It is preferable to use the dispersing agent by within 5 parts by weight based on 1 00 parts 
by weight of the resin. Theses additives for the light diffusion layer should be used 
within the range not to deteriorate the basic light transmittance of the resin. 

Light diffusion solution obtained by such process is applied to the plastic support by using 
a comma knife, with a preferable coating film thickness of 20 to 30 pn- 

(2) Plastic support (12) 

The preferred plastic support that maybe used in the present invention is 
polycthyleneterephthalate. Recently, polyethylenenaphthalate having a UV-screerung 
effect has been used for the light diffusion layer without the addition of a ultraviolet rays 
stabilizer. 

The plastic support should have adhesion with respect to the resin, without an effect on the 
light diffusion layer caused by its high light transmittance. 

The proper thickness of the plastic support is in the range of 50 to 200 urn, and preferably, 
in the range of 75 tol 50 fan. 

(3) Backside layer (13) 

The backside layer (13) located on the backside of the plastic support is provided with a 
slippage to enhance an operation efficiency when the light diffusion film is mounted on a 
backlight unit. The backside layer also has an anti-charging property to be stable from 
dust or contaminants and further, functions to prevent a thermal deformation or 
discoloration by the backside light. 

Specific examples of the resin used for the backside layer may include unsaturated 
polyester; acrylic resins, such as a polymer, copolymer or terpolymer of 
methylmethacrylate, ethylmethacrylate, isobutylmethacrylate, n-butylmethacrylate, n- 
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butylmethy.methacrylate, acrylic acid, methacrylic acid, hydroxyethylmethacry.ate. 
hydroxypropylmethacrylate, hydroxyethylacrylate, acrylamide, methyrolacrylamide, 
glycidylmethacrylate, ethylacrylate, isobutylacrylate, n-butylacrylate, or 2- 
ethylhexylacrylate; urethanes; epoxys; or melamines. 

However ihe above resins have a disadvantage in that they are thermally deformed by 
the backside light after a long period of time and form an irregular picture on the LCD 
screen due to poor thermal resistance. 

Therefore, the present invention uses a cellulose derivative that has a superior heat 
resistance and a coating property to form a solid coating film on the plastic support. 
Specifically, the cellulose derivative with thermal resistance is an estenficd chemical of 
cellulose such as cellulose acetate butyrate, celluloseacetate propionate, cellulose 
propionate, cellulose acetate, etc. Such cellulose derivative may be easily synthesized 
and easily forms a coating film with a plastic support by virtue of an ester group within 
a molecule. 

Among the above, a cellulose acetate in which only an acetyl group and a propionate 
group are singly displaced, cellulose propionate and mixedly displaced cellulose acetate 
propionate are difficult to adjust the degree of displacement and difficult to coat due to 
solvent resistance. Further, generated displacements become dim when forming a 
coating film to injure the appearance of the coating. 

Thus, the preferable cellulose derivate is cellulose acetate butyrate. The glass 
transition temperature of the cellulose derivate varies depending on the level of 
esterification, viscosity, and number of hydroxyl groups per four anhydrous glucose 
units. The content of the acetyl group within the cellulose acetate butyrate is 
preferably in the range of 1 .0 to 80%, and more preferably, 2.0 to 20%. The content of 
the butyl group is preferably in the range of 10 to 90%, and more preferably, 20 to 
40w%. In that case, the glass transition temperature of the cellulose acetate butyrate is 
in the range of 1 1 0 to 160°C, and it is preferable to maintain this temperature range. 

Over this temperature, thermal resistance becomes excellent but solidity of the coating 
film becomes poor, and below this temperature range, a thermal deformation occurs by 
backside light due to a lack of thermal resistance. The degree of displacement of the 
acetyl group is adjusted according to the content of the displaced butyl group. The 
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total degrees of the displacements of the butyl group and acetyl groups is 60% or less. 

The butyl group has a greater effect on the glass transition temperature. When the 
content of the butyl group exceeds 40%, the glass transition temperature does not 
exc Z U0"C. When the content of One butyl group is below 10%, the glass transmon 
temperature is 160«C or over. In that case, despite excellent thermal resistance, « ,s 
difficult to use the butyl group because of its poor coating film property. 

Cellulose acetate butyrate is manufactured by mixing a certain contents of butyric acid 
and acetic anhydride with a cellulose, making a dope-state cellulose tnester by 
activating a sulfuric acid catalyst in the mixture, and hydrolyzmg the dope in an aqua- 
acid mixture. The content range of the substituent required in ihe present mventmn 
should be indicated. 

Cellulose acetate butyrate is created by filtering a gelled component or fabric 
component in the residue solution and adding water to the filtered solunon. 

Then, power type cellulose acetate butyrate is manufactured by rinsing the cellulose 
acetate butyrate with water and drying the same. 

The created cellulose acetate butyrate is mixed with metylethylketone and toluene and 
solved Then, slippage is provided to the cellulose acetate butyrate by adding an 
extremely small amount of grain. The added grains are the same as those of the light 
di ffusion layer. The extremely small amount of grain represents 1 or less part by 
weight of the grain based on 1 00 parts by weight of resin. Anything is allowed if it 
does not deteriorate the basic light transmittance. 

The backside layer solution prepared by such process is coated on the backside of the 
plastic support through a gravia coating. In that case, the proper thickness of the 
coating film is in the range of 1 to 10 fan, and more preferably in the range of 2 to 5 ^n. 

The present invention will be described in further detail based on embodiments as 
fol lows. However, the present invention is not limited to the embodiments. 

In the embodiment of the present invention, the light diffusion layer is composed of 10 
pans by weight of unsaturated polyester resin, 5 pans by weight of polyisocyanate as a 
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hardening agent, 20 parts by weight of a copolymer essentially consisting of 
polymetlymetacrylate and 10 parts by weight of a copolymer essentially consisting of 
polystyrene as grains, 3 parts by weight of a non-ionic detergent as an anti-chargmg 
agent and polymthicilloc acid and a solvent as a dispersing agent. The compositions 
are dispersed for two hours at 1,000 rpm by using a dispersmg device (manufactured by 
Tego) Then bubbles within the solution are removed for five hours, and the solution 
is applied and dned on a polyethyleneterephthalate film by using a comma knite to 
manufacture a film (Film J) applied only with a light diffusion layer (11). 

Embodiment 1 

100 parts by weight of a cellulose is mixed with 80 parts by weight of butyric acid, 50 
parts by weight of an anhydride. 1 part by weight of a sulfuric acid catalyst .s 
acti vated in the mixture to make dope-state cellulose tryester. The dope is hydrolyzed 
in an aqua-acid mixture. Then, a gelled component or fabric component witbm the 
residue solution is filtered, and water is added to the filtered solution to create a 
cellulose acetate butylate. 

Next the acetate butylate is rinsed with water and dried to manufacture power type 
cellulose acetate butylate with 35% of butyl group content, 15% of acetyl group content, 
and 1 35"C of glass transition temperature. The power type cellulose acetate butylate is 
dissolved within 30 parts by weight of metylethylketone and 70 parts by weight of 
toluene to manufacture 10% of cellulose acetate butylate resin solution. 

2 parts by weight of polystyrene grains are dispersed within the solution. Then, a film 
(Film i) applied only with a light diffusion layer is bar coated 14 times and dried in a 
hot air oven at 100°C for 30 seconds to adjust the coating content of the film to be 3g/m 2 
and thereby, forming a backside layer with a thickness of 2.8 /un. 



Embodiment 2 

1 00 parts by weight of a cellulose is mixed with 100 parts by weight of butyric acid, 30 
parts by weight of an anhydride. 1 part by weight of a sulfuric acid catalyst is 
activated in the mixture to make dope-state cellulose tryester. The dope is hydrolyzed 
in an aqua-acid mixture. Then, a gelled component or fabric component within the 
residue solution is filtered, and water is added to the filtered solution to create a 
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cellulose acetate butylate. 

Next the acetate butylate is rinsed with water and dried to manufacture power type 
cellulose acetate butylate with 25% of butyl group content, 15% of acetyl group content 
and 140'C of glass transition temperature. The power type cellulose acetate butylate is 
dissolved within 30 parts by weight of metylethylketonc and 70 parts by weight of 
toluene to manufacture 1 0% of cellulose acetate butylate resin solution. 

o parts by weight of polystyrene grains are dispersed within the solution. Then, a film 
(Film I) applied only with a light diffusion layer is bar coated 14 times and dried in a 
hot air oven at 1 00»C for 30 seconds to adjust the coating content of the film to be 3g/m 
and thereby fonning a backside layer with a thickness of 2.7 fim. 

Comparative Example 1 

)00 parts by weight of a cellulose is mixed with 120 parts by weight of butyric acid, 20 
parts by weight of an anhydride. 1 part by weight of a sulfuric acid catalyst is 
activated in the mixture to make dope-state cellulose tryester. The dope is hydrolyzed 
in an aqua-acid mixture. Then, a gelled component or fabric component within the 
residue solution is filtered, and water is added to the filtered solution to create a 
cellulose acetate butylate. 

Next, the acetate butylate is rinsed with water and dried to manufacture power type 
cellulose acetate butylate with 45% of butyl group content, 5% of acetyl group content, 
and 105°C of glass transition temperature. The power type cellulose acetate butylate is 
dissolved within 30 parts by weight of metylethylketone and 70 parts by weight of 
toluene to manufacture 10% of cellulose acetate butylate resin solution. 

2 parts by weight of polystyrene grains are dispersed within the solution. Then, a film 
(Film I) applied only with a light diffusion layer is bar coated 1 4 times and dried in a 
hot air oven at 100X for 30 seconds to adjust the coating content of the film to be 3g/m 2 
and thereby, forming a backside layer with thickness of 2.8 fan. 

Comparative Example 2 

1 00 parts by weight of a cellulose is mixed with 20 parts by weight of a butyric acid, 80 
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parts by weigh, of an anhydride. 1 par. by weigh, of a sulfuric acid catalyst is 
a <t« dl t mixture ,o make dope-state celluiose tryeste, The dope a hydrolyzed 
; :t-alid mixture. Then, a geiled component or fabric component w«h.n .he 
resWu e solurion is filtered, and wa,er is added to the filtered soiuuon to create a 
cellulose acetate butylate. 

Next the acetate butylate ,s rinsed with water and dried to manufacture power type 
ceH lose acetate butylate with 9% of butyl group content, 38% of acetyl group content 
and 6 >C of glass transition temperature. The power type cellulose acetate butylate * 
dissolved within 30 parts by weight of metylethyllcetone and 70 parts by weight ot 
toluene to manufacture 10% of cellulose acetate butylate resin solution. 

2 parts by weight of polystyrene grains are dispersed within the solution. Then a film 
(Film 1) applied only with a light diffusion layer is bar coated 14 tones and dned ma 
hot air oven at 100»C for 30 seconds to adjust the coating content of the film to be 3g/m 
and thereby, forming a backside layer with a thickness of 2.8 pn. 

Comparative Example 3 

2 parts by weight of polystyrene grains are dispersed within 100 parts by weight of a 
polyester resin solution with a glass transition temperature of 60»C. Then, a film (Film 
T) applied only with a light diffusion layer is bar coated by 14 times and dned in a hot 
air oven at 100°C for 30 seconds to adjust the coating content of the film to be 3g/nT 
and thereby, forming a backside layer with a thickness of 2.8 /iin. 

Comparative Example 4 

20 parts by weight of polystyrene grains are dispersed within 100 parts by weight of a 
polyester resin solution with a glass transition temperature of 9°C Then, a film (Film 
I) applied only with a light diffusion layer is bar coated 14 times and dried in a hot air 
oven at 100"C for 30 seconds to adjust the coating content of the film to be 3g/m 2 and 
thereby, forming a backside layer with a thickness of 3.0 jam. 

The films obtained according to embodiments 1 to 4 and comparative examples 1 to 4 
are evaluated according to the following methods, and the results are presented in table I. 
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(,, Coa.mg F Um Property: Adhesion, with fiUo, appearance of the coahn, Wm (fish 
eye), and pio hoie (presence or absence oferateriog) are eva.ua.ed. * <» ■ 
with a base is superior, it is "Good," and even Ore smallest defect >a found. « .a Vooc 
uly single dot that deteriorates the appearance of *e fihn is found, t, ra "Poor,' and ,f 
no dot is found, it is "Good." 

(2) Thermal Resistance Property: A fihn sample is left for two hours at 23'C with 50% 
RH Then, the length of the film is measured and the length is represented by LI 
A sample is left for one hour in a vacuum oven at 300'C, and the length is represented 
by "L2." Then, the thermal shrinkage rate is calculated as follows. 

Shrinkage rate (%) = {(L1-L2)/L1> X 100 

(3) Light Resistance: Ultraviolet rays are continuously emitted on the surface of a 
film by using a UV lamp (365nm). The generation of yellowxng and discoloration by 
ultraviolet rays after 15 hours, 50 hours and 100 hours is measured, respectively. 







Embodiment 


Comparative Example 
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Coating Film 
Property 


Adhesion 


Good 


Good 


Good 


Poor 


Good 


Good 


Appearance 


Good 


Good 


Poor 


Poor 


Good 


Good j 


Thermal 


Thermal 


1.0 


1.1 


1.6 


1.0 
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Shrinkage Rate 
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Light Resistance 
(Yellowing and 
Discoloration) 


15 hours 


Good 


Good 


Good 


Good 


Good 


Good 


50 hours 


Good 


Good 


Normal 


Good 


Normal 


Poor 


100 hours 


Good 


Good 


Poor 


Good 


Poor 


Poor 



From the result in table I, it is noted that when a backside layer containing a cellulose 
derivative is applied according to the present invention, it provides superior coating film 
formation capability and prevents yellowing or discoloration generated by ultraviolet 
rays and thereby, involves excellent light resistance. 



Functional Effects of the Invention 

As described above in detail, the light diffusion film of the present invention, in which a 
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backside lave, coining ce.lu.oae acetate butylate having therma. '^nce and 
verier coating film formation capability is applied on a piastre support, mvolve, a 
ZXrrorgproper.yandb.gbtbennairesiatance. Thus, thermai deformafon and 
discoloration caused by the back light are prevented. 

(57) What is Claimed: 

Claim 1 A light diffusion film for a LCD display back light unit, which is prepared by 
coating a light diffusion layer consisting of aresin, a hardening agent grams, an anti- 
charging agent, a dispersion agent, and a solvent on a plastic support film, 

wherein a backside layer containing cellulose acetate butylate ,s coated on the 
back side of the plastic support film. 

ClaUn 2 The light diffusion film for the LCD display back light unit according to Claim I, 
wherein the cellulose acetate butylate contains acetyl group content m the range 
of 1 .0 to 80% and butyl group content in the range of 10 to 90 %. 

Claim 3. . 

The light diffusion film for the LCD display back light unit according to Clam 1 

OT 2, . 

wherein the cellulose acetate butylate has a glass transition temperature tn the 
range of 110 to 160°C 

Claim 4. 

The light diffusion film for the LCD display back light unit according to Claim 1, 
wherein the backside layer includes the same grains as the light diffusion layer. 
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